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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
NON-PROVISIONAL PATENT APPLICATION 

INVENTOR: W.T. DAVID ABBOTT 

METHOD AND APPARATUS FOR CLEANING 
COMPONENTS OF A WATER RETAINING DEVICE 

FIELD OF THE INVENTION 
[0001] The present invention relates generally to spas, hot tubs, whirlpool tubs, 
pools and other water retaining devices in which humans immerse themselves to bathe, 
relax, receive therapy or treatment, or exercise. More particularly, the present invention 
relates to a method and apparatus for cleaning one or more such water retaining devices 
so as to sanitize and/or disinfect both air and water components of such devices without 
requiring the use of potentially harmful cleaning agents, such as ozone, or the local, 
manual insertion of a cleaning agent or solution into each device. 

BACKGROUND OF THE INVENTION 
[0002] Hydro-massage tubs, such as hot tubs, whirlpool tubs, physical therapy 
tubs, and spas, are well known. Such devices typically include a tub structure with a 
water circuit and/or an air circuit and one or more nozzles or jets that direct a flow of 
pressurized water and/or air into the interior of the tub. In these types of water retaining 
devices, a suction opening in the tub removes bath water from the interior of the tub and 
provides the water to a water pump that pressurizes the water and returns the pressurized 
water through the water circuit to the nozzles that open into the interior of the tub. The 
air circuit is typically provided to mix air with the water to provide a water and air 
mixture from each nozzle. 
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[0003] The water circuit of the hydro-massage tub includes the water pump and 
various pipes that convey water from the suction opening in the bath tub through the 
pump in such a way that the water removed from the tub is pressurized before it is 
returned to the nozzles in the wall of the tub. In a similar manner, the air circuit includes 
pipes used to convey air from an adjustable air vent or air blower to the nozzles, where 
the air may be either mixed with the water just before the water exits the nozzles and re- 
enters the tub or separately injected into the water of the tub. 

[0004] The inner walls of the pipes in both the water circuit and the air circuit are 
susceptible to the accumulation of, inter alia, fatty deposits and calcium deposits. The air 
circuit is subject to such undesired deposits because it becomes filled with water when 
the tub is filled with water and the water pump is turned off. The growth of bacteria in 
connection with these deposits is a particular problem when there are many different 
users of the tub, such as is the case in hotels, hospitals, and other institutions. Due to the 
potential for bacteria build-up in the tub's piping, regular cleaning of the tub is required. 

[0005] Conventional cleaning methodologies require the user or other individual 
delegated the task of cleaning the tub (e.g., a housekeeper in a hotel) to fill the tub with 
hot water to a level just above the highest water or air jet, pour in a cleaning agent, and 
then run the tub system so that the water and cleaning agent are conducted through the 
various pipes in the system. If stronger cleaning agents or chemicals are used, the user 
must typically empty the tub after cleaning has been completed, refill the tub, and then 
run the system once more to rinse away the cleaning agent and/or chemical residues. As 
evident from the foregoing, conventional tub cleaning wastes a significant amount of 
water and requires substantial time to complete. Further, some of the common, strong 
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cleaning agents, such as ozone, can have harmful effects on the individuals that perform 
the tub cleaning. Still further, with conventional tub cleaning approaches, an 
unnecessarily large amount of cleaning agent has to be used in order to reach an adequate 
cleaning solution concentration when the tub is full of water. 

[0006] Various tub cleaning techniques have been proposed to substantially 
reduce the amount of water, cleaning agent and time necessary to clean a hydro-massage 
tub. Such techniques are described in U.S. Patent No. 6,199,224 to Versland, U.S. Patent 
No. 5,862,545 to Mathis et al., U.S. Patent Nos. 5,012,535 and 4,901,926 to Klotzbach, 
and U.S. Patent No. 4,856,125 to Dijkhuizen. However, all these techniques require the 
introduction of a cleaning agent into the water piping of the tub through a local dispenser. 
Thus, such techniques require the user or other individual performing the tub cleaning to 
manually add the cleaning agent to the tub's dispenser at the time of cleaning. As a 
result, all such prior art techniques are labor intensive. 

[0007] Therefore, a need exists for a system and method for cleaning a water 
retaining device, such as a pool or a hydro-massage tub, that mitigates the amount of 
water, cleaning agent and time necessary to perform the cleaning, while eliminating the 
need for manual, local insertion of the cleaning agent into the device. A water retaining 
device for use in or with such a system would also be an improvement over the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] FIG. 1 is a block diagram of a water retaining device and its associated 
cleaning system in accordance with a first embodiment of the present invention. 
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[0009] FIG. 2 is a block diagram of a water retaining device and its associated 
cleaning system in accordance with a second embodiment of the present invention. 

[0010] FIG. 3 is a partial, cut-away side view of an outflow device in an open 
position for use in a water retaining device and/or cleaning system in accordance with 
one embodiment of the present invention. 

[0011] FIG. 4 is a partial, cut-away side view of the outflow device of FIG. 3 in a 
closed position. 

[0012] FIG. 5 is a block diagram of a system for cleaning multiple water 
retaining devices in accordance with the present invention. 

[0013] FIG. 6 is a flow chart of steps executed to clean one or more water 
retaining devices in accordance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0014] Generally, the present invention encompasses a system and method for 
cleaning components of one or more water retaining devices, such as hydro-massage tubs 
(e.g., spas, hot tubs, physical therapy tubs, or whirlpool tubs) or pools. The preferred 
system includes, inter alia, two pumps, a tank, one or more supply valves, and control 
circuitry. The pumps control the flow of a concentrated cleaning agent and water to the 
tank. The tank stores the cleaning agent and water to produce a diluted cleaning solution, 
preferably maintains a desired range of operating pressure in the system, and selectively 
dispenses the diluted solution to the water retaining device(s) through appropriate piping. 
The supply valves control the flow of diluted cleaning solution to the wetted components 
(e.g., air system components and/or water system components) of the water retaining 
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device(s). The control circuitry controls the operation of the pumps and the supply 
valve(s) in accordance with a predetermined procedure for cleaning the water retaining 
device(s). 

[0015] By providing a cleaning system in this manner, the present invention 
provides a mechanism for automatically and rapidly cleaning one water retaining device, 
such as may be implemented in a personal residence, or several water retaining devices, 
such as may be embodied in a hotel, nursing home, hospital, or elsewhere, without 
requiring the use of potentially hazardous cleaning agents, such as ozone, or manual 
addition of the cleaning agent in each individual device. In addition, the cleaning system 
and method of the present invention substantially reduce the amount of cleaning agent 
and water normally required for cleaning and disinfecting jetted water retaining devices. 

[0016] The present invention can be more fully understood with reference to 
FIGs. 1-6, in which like reference numerals designate like items. FIG. 1 is a block 
diagram of a water retaining device 150 and its associated cleaning system 100 in 
accordance with a first embodiment of the present invention. The water retaining device 
150 is preferably a device of the type that includes a tub having nozzles or jets that 
introduce or inject water, air, or a water and air mixture into the tub and further having at 
least one suction opening through which water is removed from the tub and pressurized 
through a pump for reintroduction into the tub via the nozzles or jets. As a result, the 
water retaining device 150 is preferably a spa, hot tub, whirlpool tub, physical therapy 
tub, or any other type of hydro-massage tub or bath. Alternatively, the water retaining 
device 150 may be a swimming pool or similar device. 
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[0017] The cleaning system 100 includes one or more pumps 101, 102 (two 
shown), a pressure tank 104 coupled to the outputs of the pumps 101, 102, one or more 
supply valves 106, 107 (two shown) coupled between the tank 104 and the components 
of the water retaining device 150 that are to be cleaned, tubing or piping 108, 143, 144 
connecting the tank 104 to the supply valves 106, 107, and a control system 109 that 
includes at least some of the control circuitry utilized to control operation of the pumps 
101, 102 and the supply valves 106, 107 in accordance with a procedure for cleaning the 
components of the water retaining device 150. In a preferred embodiment, the cleaning 
system 100 further includes at least one outflow device 1 1 1 for controlling a flow of 
cleaning solution out of the components of the water retaining device 150 in accordance 
with the cleaning procedure, a reservoir 1 13 or other storage device for retaining a 
concentrated cleaning solution or agent to be used in the cleaning process, and an 
induction or other appropriate motor 1 15 to drive the pumps 101, 102. The pumps 101, 
102, the tank 104, the reservoir 113, and the motor 1 15 collectively form a cleaning 
solution subsystem 145 of the cleaning system 100. The cleaning system 100 may 
include other elements as described in more detail below. 

[0018] The water retaining device 150 preferably comprises a hydro-massage tub 
and includes a water subsystem and/or an air subsystem (both subsystems being depicted 
in FIG. 1). In accordance with the present invention, the water retaining device 150 also 
preferably includes the supply valves 106, 107 and the outflow device 111. Thus, some 
of the components of the water retaining device 150 form part of the cleaning system 
100, and vice versa. 
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[0019] Components of the water retaining device's water subsystem preferably 
include a plurality of water jets 1 17-122 (six shown), water return tubing 124, 125, a 
water system pump 126, and at least one suction opening 127 (one shown) through which 
water in the tub 150 is removed by the water system pump 126 and reintroduced into the 
tub 150 via the water jets 1 17-122 in accordance with conventional techniques. 
Components of the water retaining device's air subsystem preferably include a plurality 
of air jets integral to the water jets 1 17-122, air intakes that preferably include 
corresponding check valves 128, 129 (two shown), air line tubing 131, and an air system 
pump or blower (not shown). Tee fittings 133, 134 and a pressure line or tube 136 may 
also be included within the tub plumbing as part of the cleaning system 100 to control the 
flow of cleaning solution to the components of the water and/or air subsystems, and to 
control the operation of the outflow device 111, when used, as described in more detail 
below. As illustrated, components of the air and water subsystems preferably interact to 
inject air into the water expelled from the water jets 1 17-122 to enhance the massaging 
action of the injected water in accordance with known techniques. Alternatively, the air 
subsystem components may inject air directly into the water resident in the tub to obtain a 
bubbling or other effect. The water and air jets 1 17-122, 128, 129 are depicted in FIG. 1 
as being positioned collinearly; however, one of ordinary skill in the art will readily 
appreciate that such jets 1 17-122, 128, 129 are preferably positioned at various locations 
around and throughout the tub as may be necessary to achieve a desired therapeutic 
result. 

[0020] The control system 109 includes conventional integrated circuits, logic 
circuits, software, microprocessors, transformers, activators, fuses, relays, and other 
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elements arranged to control the operation of the pumps 101, 102, the tank 104 and the 
supply valves 106 in accordance with a desired cleaning procedure as described herein. 
In the preferred embodiment, the control system 109 also includes a mass sensor (not 
shown) to detect when a substantial volume of water has been used in the water retaining 
device 150 (e.g., a whirlpool tub in a hotel room) and a control panel 138 containing light 
emitting diodes (LEDs) or other visual indicators to inform the cleaning system user 
when a water retaining device 150 is in need of cleaning. Still further, the control system 
109 preferably includes a conventional pressure sensing device and/or switch 140 
resident in the tank 104 to determine the air pressure in the tank and optionally control 
the operation of the pumps 101, 102 and/or their motor(s) 1 15 in response to the detected 
pressure, as described in more detail below. 

[0021] The reservoir 1 13 preferably comprises a plastic, metal or other storage 
device that is centrally located and filled with a non-hazardous, concentrated cleaning 
solution or agent, such as anti-bacterial soap or bleach. Pump 101 is coupled either 
directly or via appropriate plumbing to the output of the reservoir 113. Pump 102 is 
coupled via appropriate plumbing to a potable water supply (not shown). Pumps 101 and 
102 are preferably metering pumps or constant volume, non-slip pumps and are 
preferably driven by a single induction motor 115, although separate motors may be 
alternatively used. Alternatively, pumps 101 and 102 may be positive displacement 
pumps or any other type of hydro pump. 

[0022] The tank 104 preferably comprises a plastic or metal, diaphragm or 
bladder pressure tank having a volume sufficient to hold an amount of diluted cleaning 
solution (cleaning agent and water) adequate to clean one or more water retaining devices 
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1 50 that are coupled to the tank 104. The tank 104 also serves to maintain a desired 
system pressure due to potable water system pressure variations that normally occur 
depending on the geographical location of the water retaining device 150 and the time of 
day. System pressure may be alternatively maintained by elevating the tank 104 a 
predetermined distance above the water retaining device(s) 150, wherein such distance is 
determined based on the desired system pressure in accordance with conventional 
techniques. Further, because the tank 104 is used to retain a desired volume of cleaning 
solution and to maintain a desired system pressure during the cleaning cycle, the 
preferred pressurized tank 104 may be replaced with a non-pressurized tank and a 
pressure pump, wherein the tank would be used merely for storing the cleaning solution 
and the pressurized pump would be used to extract the cleaning solution from the tank 
and to pressurize the system during the cleaning cycle. Still further, the water pump 102 

and the preferably pressurized tank 104 may be replaced with a pressure pump, a flow 

f 

meter and an injector to introduce the cleaning agent into the pressurized flow of water 
from the pressure pump. 

[0023] The supply valves 106, 107 preferably comprise diaphragm, plug, gate, 
ball, or any other types of valves that are operated or controlled electrically (e.g., solenoid 
controlled valves), hydraulically, mechanically (e.g., spring-controlled valves) or 
pneumatically. When used, the outflow device 1 1 1 preferably comprises a hydraulically 
controlled valve, such as a self-draining diaphragm valve as described in detail in 
commonly assigned U.S. Patent No. 6,688,577 B2 entitled "Self Draining Valve", which 
patent is incorporated herein by this reference. Alternatively, the outflow device 1 1 1 
may comprise a diaphragm, plug, gate, or ball valve, an electrically controlled valve, such 
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as a solenoid valve or a motorized valve, a mechanically controlled valve, such as a 
spring-controlled valve, or a pneumatically controlled valve. Still further, the outflow 
device 1 1 1 may be any other controllable device that retards or stops the flow of cleaning 
solution out of the air and water subsystem components of the water retaining device 150 
while the cleaning solution is being injected into the air and water subsystem components 
of the device 150. One such alternative outflow device 1 1 1 is a valve disc as described in 
U.S. Patent No. 5,862,545, which patent is incorporated herein by this reference. 
Another alternative outflow device 1 1 1 is described in more detail below with respect to 
FIGs. 3 and 4. 

[0024] The outflow device 1 1 1 can be slower acting than the supply valves 106, 
107 because the cleaning solution will take time (e.g., a few seconds) to reach the suction 
output 127 of the water retaining device 150 after the solution is injected into the 
components of the water retaining device 150 by the supply valves 106, 107. That is, 
when used, the outflow device 1 1 1 may control the flow of cleaning solution out of the 
components of the water retaining device 150 at a rate that is slower than the rate at 
which the supply valve(s) 106, 107 control the flow of cleaning solution into the air 
and/or water subsystem components of the water retaining device 150. 

[0025] The cleaning system's and water retaining device's tubing, plumbing and 
associated fittings 108, 123-125, 131, 133, 134, 136, 143, 144 are preferably 
conventional PVC components adapted as necessary to implement the present invention, 
although other appropriate plumbing materials may be used. For example, when a spring 
return plug valve, as described in detail below with respect to FIGs. 3 and 4, is utilized to 
implement the outflow device 111, T-fitting 134 is preferably modified to include an 
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aperture and fitting to accommodate attachment of a fluid supply pressure tube 136 for 
use by the spring return plug valve. The water retaining device's air and water jets 117- 
122, 128, 129 are conventional jets, nozzles and/or check valves, as applicable, used in 
the production of hydro-massage tubs, pools, or other water retaining devices that 
facilitate the use of propelled water and/or air within such device(s). 

[0026] Operation of the cleaning system 100 occurs substantially as follows in 
accordance with the first embodiment of the present invention. A user of the system 100 
fills the reservoir 113 with a preferably non-hazardous, concentrated cleaning agent, such 
as antibacterial, non-bubbling soap or bleach. After the cleaning agent has been added to 
the reservoir 1 13 and the access door (not shown) has been closed, the control system 109 
determines whether the tank 104 needs to be filled or recharged and, if so, activates the 
motor 115 causing the pumps 101, 102 to pump the concentrated cleaning agent and fresh 
water into the tank 104 and its output piping 108, 143, 144 (if not already filled). The 
two pumps 101, 102 are preferably variable and are configured so as to provide the tank 
104 a predetermined ratio of cleaning agent to water depending upon the strength of the 
final diluted solution as desired by the system user. For example, the pump 101 coupled 
to the cleaning agent reservoir 113 may pump at a rate that is 1764 th the rate at which the 
pump 102 coupled to the potable water supply pumps to achieve a desired dilution of 
sixty-four (64) parts water per one part concentrated cleaning agent. 

[0027] The cleaning agent and water are pumped into the tank 104 until the 
pressure switch 140 located within the tank 104 detects that the pressure within the tank 
104 has reached a predetermined upper threshold indicating that the tank 104 is 
sufficiently full of the diluted cleaning solution. Once the predetermined upper pressure 
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is detected, the pressure switch 140 outputs a signal (e.g., voltage level) to the control 
system 109 to indicate that the desired tank pressure has been attained. The control 
system 109 then outputs a signal to the pump motor 1 15 via a control line to deactivate 
the pump motor 115. Alternatively, the pressure switch 140 may output its signal directly 
to the pump motor 1 15 to de-activate the pump motor 1 15, thereby stopping the flow of 
cleaning agent and water into the tank 104. The tank 104 stores the diluted cleaning 
solution until such time as cleaning is desired. 

[0028] When cleaning is desired, the user operates the control system 109 to 
automatically perform the cleaning. Alternatively, the control system 109 may begin an 
automatic cleaning cycle at preset cleaning times through use of an appropriate timer. 
Operating in accordance with a desired cleaning procedure (e.g., stored in control system 
memory and executed by an appropriate control system microprocessor, or hard-coded 
into the control system logic), the control system 109 sends appropriate signals to the 
supply valves 106, 107, either directly or indirectly through applicable components, such 
as pneumatic pumps or solenoids, causing the supply valves 106, 107 to open and causing 
the tank 104 to selectively dispense some or all of its contents into the piping 108, 143, 
144 connecting the tank 104 to the supply valves 106, 107. The emptying of the tank 104 
causes the pressure in the tank 104 to rapidly decrease. The in-tank pressure switch 140 
(an ancillary part of the control system 109) detects the decrease in tank pressure and 
provides an indication of such decrease in pressure to the control system 109 when the 
tank pressure drops below a second predetermined or lower threshold. 

[0029] Upon detecting the indication from the tank pressure switch 140 and 
otherwise completing the cleaning cycle (e.g., by closing the supply valves 106, 107), the 
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control system 109 activates the pump motor 115 causing the pumps 101, 102 to refill 
and recharge the tank 104. Should the control system 109 receive a cleaning request 
during the tank's recharging cycle, the control system 109 preferably queues the request 
(e.g., in a first-in, first-out (FIFO) queue) and initiates a cleaning cycle to respond to the 
request upon completion of the tank's recharging cycle (e.g., as provided by the output of 
the pressure switch 140 indicating that the tank pressure has been restored to its desired 
upper level. The pressure threshold selected to activate the pump motor 115 and recharge 
the tank 104 is preferably substantially less than the pressure threshold selected to de- 
activate the pump motor 115. For example, the pressure threshold for activating (turning 
on) the pump motor 115 may be only sixty (60) pounds per square inch (psi); whereas, 
the pressure threshold for de-activating (turning off) the pump motor 1 15 may be 
seventy-five (75) psi in the event that the tank 104 is located on the same floor or level as 
the water retaining device 150. If the tank 104 is located below the water retaining 
device 150, the pressure threshold for de-activating (turning off) the pump motor 115 
may be considerably higher (e.g., 90 psi). 

[0030] Once the cleaning cycle has been initiated, the diluted cleaning solution 
rapidly flows from the tank 104 to the wetted components of the air and water 
subsystems of the water retaining device 150. The amount of cleaning solution released 
from the tank 104 is preferably the minimum amount necessary to wet the air and water 
subsystem components of the water retaining device 150. The supply valves 106, 107 
remain open for a period of time sufficient to allow a predetermined quantity of cleaning 
solution to enter the air and water subsystems of the water retaining device 150. When 
the cleaning system 100 is configured to clean a single water retaining device 150, the 



13 



Docket No. 7170-03885 

predetermined quantity of cleaning solution released from the tank 104 may comprise 
substantially all the cleaning solution stored in the tank 104. The amount of time that the 
supply valves 106, 107 remain open is a function of the size of the water retaining device 
150, the number of air and/or water jets 1 17-122, 128, 129, and whether or not the water 
retaining device 1 50 includes an outflow device 111. When an outflow device 1 1 1 is 
used, the air and/or water jets 1 17-122, 128, 129 are preferably kept open during the 
cleaning process to allow the cleaning solution to wet the walls, seats and floor of the 
water retaining device 150. 

[0031] As briefly mentioned above, the outflow device 111, when included, 
prevents the cleaning solution from exiting the piping 123, 125, 131 of the water 
retaining device 150, thereby eliminating the need to close the jets, suction, orifices, and 
other outflow openings of the water retaining device 150. Use of the outflow device 1 1 1 
also minimizes the amount of cleaning solution used and the time required to wet the air . 
and/or water subsystem components of the water retaining device 150. In the preferred 
embodiment, the outflow device 1 1 1 is a self-draining diaphragm valve positioned 
between the water retaining device's suction opening 127 and the water pump 126, such 
that outflow device 1 1 1 is capable of stopping the flow of cleaning solution to the suction 
side of the water return tubing 124. The outflow device 1 1 1 is normally open during 
non-cleaning periods to allow normal water flow from the suction opening 127 to the 
water pump 126 through the water return tubing 124, 125. With the water return line 
124, 125 interrupted by the outflow device 1 1 1 during the cleaning cycle, the cleaning 
solution can fill the piping, tubing, jets, heaters and other components of the tub's water 
and/or air subsystems, wetting their surfaces. Closing the outflow device 1 1 1 also assists 
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in minimizing both the amount of time and the quantity of diluted cleaning solution 
necessary to completely wet the components of the water retaining device 150 because 
the solution is not permitted to exit the water retaining device components so long as the 
outflow device 1 1 1 is closed. 

[0032] After all or substantially all of the components of the water retaining 
device 1 1 1 have been wetted, the control system 109 may be optionally programmed to 
rinse the air and water subsystems of the water retaining device 150. In a preferred 
embodiment, rinsing does not form part of the cleaning process because the retention of 
residual cleaning solution in the piping/tubing and jet pockets of the water retaining 
device 150 is desirable to enable the disinfectant cleaning solution to control or eliminate 
the growth of potentially harmful bacteria in such locations during periods of non-use of 
the water retaining device 150. If rinsing is desired, a second set of controllable supply 
valves (e.g., solenoid controlled valves), similar to valves 106 and 107, would be 
preferably incorporated into the piping of the water retaining device 150 and coupled to 
the hot water supply line (not shown) to facilitate injection of clean hot water into the 
water retaining device 150 for purposes of rinsing the cleaning solution from the water 
retaining device's components. 

[0033] A control panel 138 for the control system 109 is preferably located in a 
central location, such as the domestic closet or front desk of a hotel. The panel 138 
preferably includes lights or LEDs 141 to inform the housekeeping supervisor or other 
user of the cleaning system 100 as to which water retaining devices 150 need to be 
cleaned. The control system 109 preferably includes mass sensors to detect the flow of 
water to the water retaining device 150 (e.g., a whirlpool tub) or other appropriate sensors 
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to detect that the water retaining device 150 has been used (e.g., current or voltage 
sensors to determine when the water pump or air blower of the device 150, such as a spa 
or pool, is operated). When the control system 109 determines that the water retaining 
device 150 has been used, an LED 141 on the control panel 138 may be lit to inform the 
system user that the device 150 needs to be cleaned. 

[0034] Alternatively, a control panel 138 may be located in each room containing 
a water retaining device 150. In this case, the housekeeping staff or other user of the 
cleaning system 100 can determine, based on which LED(s) 141 of the control panel 138 
is lit, whether tub cleaning is necessary. In addition, in this embodiment, the control 
panel 138 may include a key switch or comparable device (not shown) to enable the 
cleaning system user to activate the cleaning system 100 from the room containing the 
water retaining device 1 50 that needs cleaning. In such a case, the key switch would 
activate or de-activate, depending on switch position, logic in the control system 109 to 
enable or disable the cleaning procedure for the particular water retaining device 150. 

[0035] In an alternative embodiment, the two pumps 101, 102 and the tank 104 
may be replaced by a single pump 101 coupled by appropriate pipes between the 
reservoir 113 and the supply valves 106, 107. In this case, a pre-diluted cleaning solution 
is stored in the reservoir 113. When cleaning is desired, the control system 109 activates 
the pump 101 for a predetermined period of time sufficient to transfer a desired volume 
of cleaning solution through the opened supply valves 106, 107. 

[0036] FIG. 2 is a block diagram of a water retaining device 150 and its 
associated cleaning system 200 in accordance with a second embodiment of the present 
invention. The only difference between the cleaning system 200 of FIG. 2 and the 
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cleaning system 100 of FIG. 1 is in the implementation of the cleaning solution 
subsystem 145, 245. In the embodiment of FIG. 2, the cleaning solution subsystem 245 
includes a cleaning agent pump 201 resident preferably inside the reservoir 1 13, an 
injector 202, a hose 204, the motor 115, the water pump 102, and the tank 104. Pump 
201 preferably comprises a commercially-available automotive fuel pump or another 
similarly functioning in-tank pump operating under the control of the control system 109 
based on a voltage supplied over control line 203. Alternatively, pump 201 may 
comprise a centrifugal pump. The injector 202 preferably comprises a commercially- 
available automotive fuel injector. The hose 204 preferably comprises a conventional 
rubber or other hose capable of withstanding at least 120 psi output from pump 201 . 

[0037] The operation of the cleaning system 200 of FIG. 2 is substantially 
identical to the operation of the cleaning system 100 described above with respect to FIG. 
1, except for the below-described operation of the cleaning solution subsystem 245. As 
noted above with respect to FIG. 1, the reservoir 1 13 is filled with a concentrated 
cleaning solution or agent to a desired level depending on, inter alia, the quantity of 
water retaining devices 150 to be cleaned. When the pressure switch 140 detects that the 
pressure in the tank 104 has dropped or is below the low pressure threshold, the control 
system 109 closes the supply valves 106, 107 and activates pump 201 and motor 1 15 via 
respective control lines to begin recharging the tank 104. If a cleaning operation is in 
process when the low tank pressure condition is detected, the control system 109 
preferably permits the cleaning cycle to complete before closing the supply valves 106, 
107 and commencing the tank's recharging cycle. Once the tank's recharging cycle 
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commences, the control system 109 prohibits any cleaning cycles to begin until the tank 
pressure rises to the desired upper threshold level. 

[0038] To recharge the tank 104, the control system 109 first activates the water 
pump motor 1 1 5 to begin the flow of clean water into the tank 104. Shortly after the 
water pump motor has been turned on, the control system activates the in-tank pump 201 . 
The in-tank pump 201 supplies concentrated cleaning or disinfectant solution from the 
reservoir 1 13 into the flow of clean water emanating from the water pump 102 via the 
injector 204. The control system 109 is preferably preprogrammed with the volume of 
the tank 104 and the desired cleaning solution dilution. Based on such information and 
the difference between the upper in-tank pressure threshold and the lower in-tank 
pressure threshold, the control system 109 maintains activation of pump 201 for a period 
of time that has been calculated to result in the appropriate amount of concentrated 
cleaning solution being injected into the clean water supply given the calculated volume 
required to fill the tank 104 and achieve a pressure within the tank 104 that is at least 
equal to the upper pressure threshold (e.g., 75-90 psi). 

[0039] The combination of the water emanating from the water pump 102 and the 
concentrated cleaning solution emanating from the injector 202 is stored as a diluted 
cleaning solution in the tank 104. The control system 109 maintains activation of the 
water pump motor 1 15 and pump 201 until the tank's pressure switch 140 detects the 
desired level of tank pressure based upon the parameters of the cleaning system 200 (e.g., 
the number of water retaining devices 150 to be cleaned, the amount of piping to be 
pressurized by the tank 104 upon activation of the cleaning cycle, and so forth). Once the 
tank pressure has reached is desired level, the control system 109 permits one or more 
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new cleaning cycles to begin. Once a cleaning cycle is activated, some or all of the 
pressurized tank contents are emptied into the tank's output piping 108 and thereafter into 
the branch piping 143, 144 for the water and/or air subsystem supply valves 106, 107. 
The remainder of the cleaning process is as described above with respect to FIG. 1 . 

[0040] As described above, the present invention provides a cleaning system for 
a water retaining device and a water retaining device configured for use in such a 
cleaning system. The cleaning system is arranged to provide for remote storage of a 
cleaning agent and automatic introduction of a cleaning solution into the air and/or water 
subsystem components of the water retaining device, thereby eliminating the need for 
manual insertion of the concentrated cleaning agent or diluted cleaning solution into the 
device locally, in sharp contrast to prior art cleaning methodologies. By directly injecting 
the cleaning solution into the air and/or water subsystems of the water retaining device, 
the present invention mitigates the amount of water and cleaning agent required to clean 
the system. In addition, in a preferred embodiment, the cleaning system of the present 
invention facilitates manual input of small quantities of concentrated cleaning agent, 
rather than large volumes of diluted cleaning solution, into the system's reservoir, thereby 
mitigating the amount of labor associated with operating the cleaning system. Further, 
through its automated operation, the present invention mitigates the time necessary to 
perform the cleaning procedure. Still further, the present invention facilitates both 
automatic, timed cleaning of the water retaining device and/or manual activation of the 
cleaning system from the room containing the water retaining device. Further yet, when 
rinsing is not utilized, cleaning solution remaining in the piping helps to control or 
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eliminate the growth of potentially harmful bacteria during the time periods between uses 
of the water retaining device. 

[0041] FIGs. 3 and 4 illustrate a partial, cut-away side view of an exemplary 
embodiment 300 of an outflow device 1 1 1 utilized in the cleaning systems 100, 200 and 
water retaining devices 150 depicted in FIGs. 1 and 2. The outflow device 300 depicted 
in FIGs. 3 and 4 may be referred to as a spring return plug valve. The outflow device 300 
includes a diaphragm 302, a return spring 304, a valve plug 305, and a shaft 312 
connecting the diaphragm 302 to the plug 305, all of which are enclosed in a valve body 
310. The return spring 304 is preferably wound around a portion of the shaft 312 and 
connects the diaphragm 302 to a portion of the valve body 310. The shaft 312 extends 
from the plug 305 at one end to the diaphragm 302 at the other end through an 
appropriately sized, preferably cylindrically-shaped aperture in the valve body 310. The 
outflow device 300 also includes a fluid chamber 301 defined by a cap 309, the valve 
body 3 10, and the diaphragm 302, and a dry chamber 303 defined by the valve body 310 
and the diaphragm 302. Thus, the diaphragm 302 separates the fluid and dry chambers 
301, 303. The spring 304 is connected between a wall 307 of the dry chamber 303 and a 
surface of the diaphragm 302. The cap 309 includes an aperture through which tube 136 
is inserted and secured preferably via a hose or tube fitting 311. In operation, tube 136 
supplies fluid pressure to the outflow device 300. 

[0042] During normal, non-cleaning operation of the water retaining device 150, 
the outflow device 300 is normally open with no pressure being supplied to the 
diaphragm 302 by tube 136. Since no pressure is supplied to the diaphragm 302, the 
spring 304 remains fully extended and the plug 305 remains separated from its valve seat 
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306. During normal operation, fluid can flow in any direction through the valve, from 
inlet 124 to outlet 125 and vice versa. 

[0043] During the cleaning process, the rush of diluted cleaning solution into T- 
fitting 134 increases the fluid pressure in tube 136. Such increase in pressure in tube 136 
causes an increase in pressure in the fluid chamber 301, which in turn causes the 
diaphragm 302 to push against the spring 304 and the shaft 312, thereby compressing the 
spring 304 and urging the shaft 312 toward the valve seat 306 such that the plug 305 
engages and seats into the valve seat 306. When the plug 305 is seated in the valve seat 
306, the outflow device 1 1 1 is closed and fluid flow through the outflow device 1 1 1 is 
stopped in both directions, thereby facilitating cleaning of the water retaining device's 
components with a minimum amount of cleaning solution supplied by the tank 104. The 
closed configuration of the outflow device 300 is depicted in FIG. 4. 

[0044] When supply valve 107 is closed and fluid pressure is removed from the 
water retaining device's piping, the pressure in tube 136 drops. Responsive to such drop 
in pressure, the valve spring 304 returns to its fully extended position urging the 
diaphragm 302 back toward tube 136 and into its normally open position. Such 
movement of the diaphragm 302 causes the shaft 3 12 to disengage or remove the plug 
305 from the valve seat 306, thereby opening the outflow device 300. Once the outflow 
device 300 has been opened (as depicted in FIG. 3), fluid is free to flow through the valve 
body 310 in either direction. 

[0045] FIG. 5 is a block diagram of multiple water retaining devices 503-505 
(three shown) and their associated cleaning system in accordance with an exemplary 
embodiment of the present invention. In this embodiment, each water retaining device 
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503-505 is substantially similar to the water retaining device 150 of FIG. 1 or FIG. 2, 
except possibly for the physical arrangement of the seats, armrests, and other ergonomic 
features of the device 503-505, the quantity of air and/or water jets used in the device 
503-505, and/or the size/volume of the device 503-505. The cleaning system used for a 
multiple tub installation is preferably either the cleaning system 100 described above with 
respect to FIG. 1 or the cleaning system 200 described above with respect to FIG. 2, with 
the exception that the multi-tub cleaning system 200 includes the supply valves and 
outflow devices of all the water retaining devices 503-505 and further includes a 
manifold coupled between the tank 104 and the supply valves to control the flow of 
cleaning solution to the supply valves. In the multi-tub embodiment, pipe 108 acts as a 
manifold to supply pressurized disinfecting solution to the individual water retaining 
devices 503-505. The water retaining devices 503-505 may be cleaned one at a time or 
simultaneously depending on the volume and pressure of the tank 104 and the 
programming of the control system 109. 

[0046] In the multi-tub system, pipe 108 preferably extends through the building 
structure in accordance with local building codes. Pipe 501 tees off of pipe 108 and acts 
as the source line for providing diluted cleaning solution to each individual water 
retaining device 503-505. An isolation valve (not shown) is preferably installed in pipe 
501 for maintenance purposes. During normal operation of the water retaining devices 
503-505, each device's respective supply valves 106, 107 are closed, thereby preventing 
back flow of water into the building piping. During cleaning, the supply valves are 
opened to allow a flow of cleaning solution into the air and/or water subsystem 
components of the water retaining devices 503-505. 
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[0047] The control system logic is preferably arranged or programmed to detect 
use of each water retaining device 503-505 (e.g., through detecting activity, such as 
current drain, of the tub's water pump 126 or air blower or through detecting water usage, 
such as via a mass sensor) and indicate such use by illuminating an LED or light bulb on 
the control panel 138 located near (e.g., in the same room as) the water retaining device 
503-505. Illumination of a light on the control panel 138 informs housekeeping 
personnel or other users of the cleaning system that the water retaining device 503-505 is 
in need of cleaning. 

[0048] In a preferred embodiment, when tub cleaning is necessary, the user of the 
cleaning system initiates cleaning of a particular water retaining device (e.g., device 503) 
through use of a key switch or other appropriate mechanism forming part of the control 
panel 138 positioned near the device 503. Upon detecting that the key switch has been 
configured to initiate a cleaning cyc]e for a particular water retaining device 503, the 
control system 109 first confirms that no other cleaning cycle is in process, or that no 
more than a maximum number of cleaning cycles are in process simultaneously when the 
system is arranged to facilitate simultaneous cleaning of multiple water retaining devices 
503-505, and then opens the supply valves 106, 107 associated with the device(s) 503 to 
be cleaned. If the maximum number of cleaning cycles are in process, the control system 
109 preferably queues the cleaning request and notifies the requestor through, for 
example, illumination of another LED or light, flashing of the "cleaning needed" light, or 
in any other manner. Once permitted by the control system 109, cleaning of the water 
retaining device 503 occurs substantially as described above with respect to FIGs. 1 and 
2. After the cleaning cycle has been completed, the control system 109 turns off the 
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"cleaning needed" indicator to inform the system user that the water retaining device 503 
has been cleaned and is ready for use. 

[0049] In an alternative embodiment, the cleaning cycle for each water retaining 
device 503-505 may be automated by the control system 109, without requiring a manual 
request via a key switch or other mechanism. In this case, the control system 109 
monitors use of the water retaining devices 503-505 as described above. Each device 
503-505 used during a predetermined time period (e.g., 24 hours) is then cleaned in a 
round robin or other manner after use has been completed. The tank 104 is preferably 
recharged after each cleaning cycle or after a predetermined number of cleaning cycles 
depending on the configuration of the tank 104 and other elements of the cleaning 
solution subsystem 145, 245. In the event that the cleaning solution subsystem 145, 245 
is sized to accommodate a predetermined number of simultaneously running cleaning 
cycles, the predetermined number of cycles are run to clean the corresponding number of 
water retaining devices 503-505. The tank 104 is then recharged after completion of the 
predetermined number of cleaning cycles. Devices 503-505 that were not used during the 
applicable time period are preferably excluded from any cleaning cycle to minimize use 
of water and concentrated cleaning agent. 

[0050] FIG. 6 is a flow chart 600 of steps executed to clean one or more water 
retaining devices in accordance with the present invention. The cleaning flow begins 
(601) when a cleaning solution is supplied (603) to a storage device (e.g., reservoir) 
located remotely from the water retaining device(s). The cleaning solution preferably 
comprises a non-hazardous, concentrated agent, such as antibacterial soap or bleach. 
Alternatively, the cleaning solution may comprise a pre-diluted solution. 
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[0051] Once supplied, the cleaning solution is controllably dispensed (605) or 
released from the storage device to components (e.g., air and/or water subsystem 
components) of the water retaining device(s). When the cleaning solution is a 
concentrated agent, such solution is preferably mixed with an appropriate amount of 
water to produce a desired diluted solution. The release of the cleaning solution from the 
storage device is preferably controlled by an electronic or electro-mechanical control 
system that opens and closes, as applicable, an output valve of the storage device and/or 
input, supply valves of the water retaining device(s). 

[0052] In addition to being controllably dispensed from the storage device, the 
cleaning solution is controllably prohibited (607) from exiting the components of the 
water retaining device until all or substantially all the components of the water retaining 
device have been wetted by the cleaning solution. Control of the cleaning solution's exit 
from the water retaining device components is preferably performed by an outflow device 
(e.g., the outflow device 1 1 1 described above with respect to FIGs. 1-4) positioned in the 
drain or suction opening of the water retaining device. Thus, while the cleaning solution 
is being dispensed from the storage device, the cleaning solution is preferably prevented 
from exiting the water retaining device's piping system, thereby facilitating the use of a 
minimum amount of cleaning solution to effectuate the cleaning and reducing the amount 
of time required to wet all or substantially all of the wetted components of the water 
retaining device. 

[0053] After the solution has been completely injected into the components of the 
water retaining device, the drain or suction opening of the device is opened and the 
cleaning solution is allowed to drain out of the water retaining device's piping. The 
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cleaning solution may be optionally rinsed (609) out of the water retaining device by 
controllably supplying hot or cold water through the device's piping, although retention 
of residual amounts of the cleaning solution in the device's piping is desirable to deter or 
prevent the growth of bacteria therein. After the cleaning solution has drained or been 
optionally rinsed from the water retaining device, the cleaning flow ends (611). 

[0054] As described above, the present invention encompasses a system and 
method for cleaning components of one or more water retaining devices, such as hydro- 
massage tubs or pools. With this invention, a single water retaining device, such as may 
be implemented in a personal residence, or several water retaining devices, such as may 
be embodied in a hotel or elsewhere, may be automatically and rapidly cleaned without 
requiring the use of potentially hazardous cleaning agents, such as ozone, or manual 
addition of the cleaning solution/agent in each individual device. In addition, the 
cleaning system and method of the present invention substantially reduce the amount of 
cleaning agent and water normally required for cleaning and disinfecting jetted water 
retaining devices. 

[0055] In the foregoing specification, the present invention has been described 
with reference to specific embodiments. However, one of ordinary skill in the art will 
appreciate that various modifications and changes may be made without departing from 
the spirit and scope of the present invention as set forth in the appended claims. For 
example, the water retaining device 150, 503-505 may include only an air subsystem or a 
water subsystem, but not both. In such a case, the applicable components of the omitted 
subsystem would accordingly be omitted from the device 150, 503-505 and associated 
components of the cleaning system 100, 200 would also be omitted. 
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[0056] In addition, while separate supply valves 106, 107 have been described 
for the air and water subsystem components of the water retaining device 150, one of 
ordinary skill in the art will readily recognize that a single supply valve may be 
positioned to supply cleaning solution to both such subsystems, or that multiple valves 
may be used to supply cleaning solution to each such subsystem. The use of a single 
valve to supply cleaning solution to both subsystems may result in an increase in the 
amount of time required to complete the cleaning cycle. The use of multiple valves to 
supply cleaning solution to each subsystem facilitates minimal use of cleaning solution 
and rapid cleaning times, but increases system complexity and cost. 

[0057] Further, while outflow devices 1 1 1 have been described herein primarily 
with respect to closing the output suction line(s) 127 of the water retaining device(s) 150, 
503-505, such devices 1 1 1 may be strategically placed at various locations of the 
cleaning system 100, 200 to control the flow of cleaning solution out of the water 
retaining device(s) 150, 503-505 and thereby facilitate minimal use of cleaning solution 
and rapid cleaning times. Accordingly, the specification and drawings are to be regarded 
in an illustrative rather than a restrictive sense, and all such modifications are intended to 
be included within the scope of the present invention. 

[0058] Benefits, other advantages, and solutions to problems have been described 
above with regard to specific embodiments of the present invention. However, the 
benefits, advantages, solutions to problems, and any element(s) that may cause or result 
in such benefits, advantages, or solutions to become more pronounced are not to be , 
construed as a critical, required, or essential feature or element of any or all the claims. 
As used herein and in the appended claims, the terms "comprises," "comprising" or any 
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other variation thereof is intended to refer to a non-exclusive inclusion, such that a 
process, method, apparatus, or article of manufacture that comprises a list of elements 
does not include only those elements in the list, but may include other elements not 
expressly listed or inherent to such process, method, apparatus, or article of manufacture. 
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